Abstract-Since Energy is a critical requirement in a tea industry for operations like moisture removal, withering, processing, fermentation, drying, sorting and packing, the need of energy conservation and by products extraction from tea wastes is an important factor. Tea waste is a better biomass fuel. The objective of present work is to suggest a new approach of pyrolysis techniques for converting the processed tea wastes into a useful by-product. Pyrolysis of processed tea wastes will lead to recovery of carbonaceous liquid fuel (Bio-oil) and other by products. Gasification and combustion of high carbonaceous tea wastes with other biomass will contribute to both electricity and thermal energy requirements of a tea industry. 
I. INTRODUCTION
Tea industries are one of the most important agrobased contributors to the economy of a Nation. Processed tea wastes in tea industries can be used as a raw material for the production of Bio-oil, Bio-char and producer gas using pyrolysis and gasification technologies. Gasification process produces a fuel gas that can be combusted for generating heat or can be used in an engine or turbine for generating electricity. The fast pyrolysis process produces a liquid fuel that can substitute for fuel oil in any static heating or electricity generation application [1] .
Circulating Fluidized bed (CFB) gasification and Fluidized bed technology appears to have maximum potential in producing high-quality bio-oil [2] . Biomass pyrolysis oils contain wide range of complex organic chemicals. Higher calorific pyrolytic oils can be used as fuels for combustion systems in industries [3] .Gases released from the biomass have generally energy content of 3.5-5.0 MJ/m 3 that can be utilized for firing up furnaces in industrial combustion and also for generating power using diesel generators [4] . Tea seed can be used to fire pulverized coal and cyclone boilers for generating power [5] .
II. PYROLYSIS AND GASIFICATION OF TEA WASTES GENERATED IN TEA INDUSTRIES
Pyrolysis has become a unique alternative processes among the other thermo-chemical processes for recovering chemicals and other fuels. It is a thermal decomposition process that occurs in the absence of oxygen. Bio-Oil can be extracted from tea wastes using the concept of Pyrolysis at a temperature of 500 -700ºC . Also Gasification of Waste Tea Leaves, husks, forestry biomass and other tea wastes at a temperature of (700 -850 º C) results in the production of Syn gas which can be used for plant cogeneration (Tea Drying or any Heat Applications required for tea industry) and the cooled gas can drive a S.I Engine or a Gas engine for generating Power. The obtained Bio-char from tea wastes can be converted into brickets or mixed with biomass and can be used as a as high efficiency solid fuel in boilers where ©2013 Engineering and Technology Publishing bagasse or other biomass is presently burnt. It also finds its application in ferroalloy, aluminum, copper, tobacco and in cement industries for the production of chemicals, activated carbon, carbon-nano-tubes, and carbon fibers etc. [6] and [7] . The Proposed Pyrolysis and Gasification model for recovering value added products from dried spent tea wastes is shown as in Fig.1 . This technique is based on the concept of fluidized bed reactors which possesses unique features than other industrial reactors. The pyrolysis of carbonaceous biomass can be defined as an incomplete thermal degradation process resulting in production of char, condensable liquid or tar and gaseous products. In a gasification process carbonaceous material undergoes thermo chemical reaction with a controlled amount of oxygen to produce a combustible syn gas rich in CO, H 2 and CH 4 together with noncombustible gases (CO 2 , N 2 and H 2 O). In a gasifier, the carbonaceous fuels undergo different processes at different zone in the gasifier. These zones include Drying, Pyrolysis, Reduction and Combustion [8] . 
During pyrolysis and gasification process biomass species, particle size, chemical and structural composition of biomass, reactor configuration, heating rate, atmosphere, pressure and temperature affects the yield and composition of the volatile fraction liberated [9] .
Unlike a combustion process that produces only a hot gas product, CO, H 2 and steam can undergo further reactions during gasification [8] .
Water gas shift reaction:
III. FLUIDIZED BED TECHNIQUES
The development of the fluidized bed gasifier (FBG) and Circulating Fluidized Bed Pyrolysis (CFBP) reactor for smaller particle materials has made great progress for converting solid wastes into useful fuels. Various types of FBGand CFBP have been explored for biomass. Updraft moving-bed gasifiers suffer from high tar yields in the product gas [10] . As in a downdraft gasifier the various zones cannot be distinguished in a FBG system. Circulating Fluidized Bed Combustors (CFBC) and CFBP offer fuel flexibility, broad turn down ratio, relatively fast response to load changes and lower SO 2 and NO x emissions. Fluidization is a process in which solids are caused to behave like a fluid by blowing air (or) gas through a bed of solid-filled reactor. In FBG silica sand filled at the bottom bed of the gasifier is brought to a fluidized state by the primary air which is supplied uniformly through a distributor plate.
The schematic view of a CFB pyrolysis process is shown as in Fig.3 . After drying and grinding, the biomass fuel is fed into the CFB pyrolysis reactor. Pyrolysis is always the first stage in combustion and gasification followed by total or partial oxidation. It is thermo chemical (endothermic process) in which the longer polymers present in biomass are cracked in the absence of oxygen to form shorter polymers. The devolatization of biomass feed stocks during pyrolysis reactions yields solid residues know as char. These chars formed during pyrolysis process, acts as a vapour cracking catalyst and should therefore be separated from the gases immediately after pyrolysis. For char removal cyclone separators ensures better efficiency. However, ©2013 Engineering and Technology Publishing small char particles pass through the cyclones and are mixed with the liquid product. In a CFBP process after solid separation the vapors and the gases must be quenched rapidly to avoid continuous cracking of the organic molecules. Quenching of the vapours is usually done with pyrolysis liquid condensers, where the vapours are cooled directly [11] . Cooling and condensation process leads to the formation of a dark brown liquid called bio-oil. However the composition of gas yield, char and tar yields is influenced by operating temperature of the CFBP reactor. During pyrolysis at a temperature of 200C only water is driven off. Between 200 to 300C CO 2 , acetic acid and water are given off. The real pyrolysis, which takes place between 300 to 500C, produces large quantities of tar and gases containing CO 2 . An overview of literatures and pyrolysis handbooks shows that for optimal liquid yield in a CFBP system the operating temperature is less than 500C with biomass particle size ranging less than 2 mm.
The fluidized bed technique (FBT) has been used for diversified industrial applications temperatures ranging from 300 -1200°C. Most commonly used for facilitating Gas/solids reactions, catalytic and non-catalytic reactions, drying and in petroleum industries for hydrocarbon cracking and reforming. The other features of FBT includes good gas solid contact, excellent heat transfer short residence times, compact space requirement and Minimum energy requirements from low calorific biomass fuels.
IV. RESULTS AND DISCUSSION
Based on the operating temperature and conditions carbonaceous biomass fuels can be subjected to pyrolysis (400 to 700C), gasification (700 to 900C) and combustion (800 to 950C) for engineering applications [12] . High carbonaceous tea wastes will act as a better fuel for pyrolysis and gasification. CFB and FBP technologies will be better for extracting Bio-Oil and other by products from processed tea wastes. Bio-oil derived from pyrolysis process offers a particular advantage for renewable energy. Experimental investigation by expert's shows that the calorific values of bio-oils obtained from pyrolysis of tea waste is 29.59 MJ /kg, which is comparatively higher than the bio-oils extracted from other biomass resources. Whereas has diesel fuel has a higher calorific value of 42.151 MJ/kg. Calorific value of bio-oils increases when blended with Diesel to form a rich carbonaceous fuel "Bio-diesel". Probably fuel production cost can be minimized using the natural resources of biomass and tea wastes. It can replace fossil fuels like oil, coal and natural gas to provide renewable electricity and heat with lesser emissions in power plant. Biogas derived from the Methanation of spent tea leaves in tea estates can be utilized for power generation. The application of pyrolysis and gasification process is shown in Fig.4 . 
A. Bio-Oil from Tea Wastes
Basak Burcu Uzun et al. (2010) investigated the potential of bio-oil extraction using tea waste as a biomass fuel in a Fixed Bed Pyrolyser. The tea wastes used for pyrolysis study were collected from a tea factory around Rize located in Black Sea region in northern part of Turkey.
The Proximate and ultimate analysis (wt. %) of tea waste used for experimental studies are shown in Table. 1.The calorific value of tea waste is found to be 16.19 MJ/ kg. The maximum oil yield was 30.4% at 773 K and char yields was 43.3% at 673 K. Increase in reaction temperature from 673 to 973 K favours the gas yield from 19.99% to 38.26% and decreases the char yield from 43.37% to 21.05%. Calorific values of bio-oils obtained from fast pyrolysis are found to be as 29.59 MJ /kg. Experimental investigation shows that the maximum yield of Bio-oil was obtained at a pyrolysis temperature of 773K with a heating rate of 500 K/min [7] . Pyrolysis liquids can be transported easily to a central power plant for power generation using engines or turbine [6] . It can be used as a substitute for fuel oil or ©2013 Engineering and Technology Publishing diesel in many static applications including boilers, furnaces, engines and turbines.
B. Char, Liquid and Gaseous Yields
Ayhan Demirbas (2002) carried out pyrolysis experiments at an operating temperature ranging from 775, 925, 975 and 1025 K. The biomass samples used for experimental studies are cotton cocoon shell, tea factory waste and olive husk. Table. 2 shows the composition of pyrolysis products subjected to different pyrolysis temperatures as reported by [13] .
It can be observed from table 2 that for all pyrolysis runs, the total yield of combustible gases increases for a gradual rise in pyrolysis temperature for the samples. As seen in Table 2 , the char yield for Tea factory wastes was favorably higher than the char yielded from cotton cocoon shell and olive husk at an operating temperature of 775, 925, 975 and 1025 K. Experimental investigation shows that the optimum temperature for maximizing the liquid yield using tea factory wastes was 775 K. It can be observed that the liquid yield of 28.9 (wt. %) at 775 K decreases gradually for an increase in temperature above 775 K , where as the gaseous products increased from 37.6% to 43.7% while the pyrolysis temperature was increased from 975 to 1025 K. So based on the application requirements the pyrolysis temperature and other parameters can be fixed as operating condition in the pyrolysis reactor. The various factors which affects the reactions and yield of pyrolysis or gaseous products includes the physical and chemical characteristics of the fuel, moisture content in the fuel, particle size, bed material , fluidization velocity, equivalence ratio, height of the bed, operating temperature, bed pressure and presence of catalyst.
C. Biodiesel from Processed Tea Wastes
Vegetable oils and animal fats can be converted to their alkyl esters (biodiesel) by transesterification reaction using a base (N a OH or KOH) or acid (H 2 SO 4 ) catalyst. The base-catalyzed transesterification produces (m) ethyl esters and glycerol. (Ayhan Demirbas, 2010) investigated the potential of biodiesel production using Green tea seed (Camellia sinensis L. Kuntze) oil.
Tea kernel oil was extracted from tea seeds by Soxhlet and supercritical extraction using acetone in a laboratory scale tubular reactor. The yield was found to be higher at 453 K and gets decreased with rise in temperature. Tea seed kernel oil was transesterified to methyl esters methyl esters using supercritical ethanol at 520 K using base (KOH) catalytic and non-catalytic supercritical transesterification methods.
Experimental investigations shows that the average biodiesel yield obtained from tea seed kernel oil was about 34.3% by weight. The total extract and oil yields from supercritical acetone extractions were found to be 54.3% and 37.9% by weight, respectively [5] .
D. Bricks from Processed Tea Wastes
Ismail Demir et.al (2006) investigated the potential of manufacturing clay bricks from processed tea wastes in turkey. The clay used for testing contains a mixture of tiny particles and a few coarse particles of calcium carbonate. Tea wastes were dispersed for 24 hrs in water before mixing with clay. Then it was passed through a drum type crusher. The solid brick clay samples were manufactured using standard pilot laboratory procedures.
Processes tea waste used for experimental testing is found to be rich in cellulose and other compounds like pectin, starch, sugar, ether extract and protein. This gets dissolved easily with water and forms as a gel which increases the plasticity.
Experimental investigation shows that addition of tea wastes with clay mixture increases the physical, mechanical and thermal insulating properties of the brick [14] . Goel et al.(2001) investigated the potential of biogas generation from dry spent tea leaves Soluble COD extracted from the spent tea leaves was treated with leachate for biogas production in a Methanation reactor.
E. Biomethanation of Spent Tea Leaves
Experimental investigation shows that 0.46 m
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V. CONCLUSION
The demand for both Electricity and tea products will continue further with the increase in population and economic development. Pyrolysis and Gasification techniques are very effective methods for recovering energy from lower and medium calorific value fuels.
Carbonaceous Tea waste is a promising potential resource of biomass fuel. Quenching of vapors obtained during pyrolysis lead to formation of Bio-oil with higher thermal efficiency and neutral CO 2 . Bio-oil can effectively replace coal, natural gas and other fossil fuels. As reported by research groups on tea waste pyrolysis the Total liquid yields increase with decreasing temperature and decreasing particle size.
Through basic research and experimental analysis the utilization of tea waste as biomass resource for Pyrolysis and Gasification could be realized. Tea industries can extract the by products from their process tea wastes which will lead to zero-waste management technique and better profitability by means of cogeneration in an environmental friendly way.
VI. SCOPE FOR FUTURE WORK
The author's focuses on Research in recovering energy from Biomass and for zero-waste management techniques in bio based industries. Literature shows that only a few researchers in turkey had determined the potential of BioOil, char & Bio-diesel extraction from tea wastes using pyrolysis technology. It has been planned to carry out experimental research using tea wastes as a biomass resource by using the CFB and other Pyrolyzer R&D setup built up at CO 2 Research & Green Technologies Centre, VIT University headed by Dr. R. Natarajan.
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